Background: In this work, we evaluated the incidence and prognostic value of several genetic aberrations in patients with a dia gnosis of acute myeloid leukemia (AML). Patients and Methods: We analysed 90 patients: 42 males (mean age 54.5 years) and 48 females (mean age 59 years), with AML. The genetics of all leukemia samples was studied using conventional cytogenetics, the interphase fl uorescence in situ hybridisation as well as the standardized RT-PCR protocol. Results: In 34.4% of patients, we detected at least one of the analysed genetic aberrations, except the CBFB-MYH11, which we did not detect. Translocation t(8;21)/ AML1-ETO was found in 4.4% of patients with a mean age of 45.4 years, while none of these patients was older than 55 years. Translocation t(15;17)/ PML-RARA was found in 5.5% of patients with a mean age of 52.6 years and an almost equal distribution between younger and older patients. The MLL gene rearrangements were found in 6.6% of patients, the -5/ 5q-and/ or -7/ 7q-aberrations in 7.7% of patients, while the most frequent genetic abnormality in our study was trisomy 8 (10%). Moreover, we found a favorable clinical outcome in patients expressing fusion genes AML1-ETO or PML-RARA in contrast to an adverse clinical outcome with few remissions and death in AML patients with MLL, -5q/ -5 and -7q/ 7-. Finally, an intermediate prognosis was found in patients with trisomy 8. Conclusion: In this study, we found a good congruence with published literature on the incidence and prognostic value of several well established AML-associated genetic aberrations. This simple genetic-based classifi cation system helps us to identify patients with a favorable, intermediate or unfavorable prognosis and to treat them with the best currently available therapy. However, analysis of new genetically defi ned abnormalities in AML is necessary for development of better therapeutic strategies and/ or dia gnostics.
Backgounds
Acute myeloid leukemia (AML) is a heterogeneous hematologic disease that results from genetic aberrations in normal hematopoietic stem cells. The incidence of AML is 2.7 per 100,000, while median age at presentation is about 65 years. A clinical expression of this disease is heterogeneous, derived mostly from a bone marrow failure. It includes bleeding, fever, infection, organomegaly and/ or lymphadenopathy, which all are frequently present in AML patients [1] . Moreover, AML is a disease with a high progression rate, leading to death in untreated patients within 2-3 months [2] . However, a slightly better clinical outcome is observed in younger patients without any genetic aberrations or with genetic aberrations associated with a good prognosis, while older patients are less able to tolerate intensive cytotoxic induction and post-remission therapy, have often co-morbid medical illnesses and a poor tolerance of systemic bacterial/ fungal infection [3] .
The French-American-British (FAB) classifi cation of AML has been used for many years to divide this disease into eight diff erent sub-types (M0-M7) with diff erent morphology and genetics [1, 4] . A new classifi cation for AML and other myeloproliferations by the World Health Organization ( WHO) used many diff erent clinical and laboratory aspects of this disease, including immunophenotyping, cell morphology, cytology and genetics [5] .
Both classifications mentioned above use genetic analysis of cells as an important tool to divide AML patients into particular groups with favorable, medium or poor prognosis. One of the most important AML-associated genetic markers is translocation t(15;17) which produces a fusion gene PML-RARA specifi cally in patients with acute promyelocytic leukemia (APL; the FAB AML sub-type M3). As a result, this specifi c variant of AML responds well to the all-trans-retinoic acid-based (ATRA) therapy and is connected with favorable clinical outcome in the majority of patients. The latter holds also for another genetic traslocation t(8;21), which produces an aberrant fusion transcript AML1-ETO in about 18% of the FAB AML sub-type M2. The third well known AML-specifi c genetic aberration CBFB/ MYH11 involves chromosome 16 which could be either inverted (16 inv(16)(p13;q22)) or, less frequently, translocated (t(16;16)(p13;q22)). These aberrations accumulate in the FAB AML sub-type M4Eos and are generally associated with a good prognosis. On the other hand, genetic aberrations of the MLL (mixed lineage leukemia) gene in the locus 11q23 are associated with a very poor prognosis and aff ect both children and adults. More than 50 diff erent partners of the MLL gene reported so far are connected to various FAB sub-types of AML, including M0, M4 and M5. Poor prognosis of the AML disease is also indicated by the presence of deletion and/ or monosomy of chromosomes 5 (-5/ -5q) and 7 (-7/ -7q), while a somehow intermediate clinical outcome of AML patients is observed in cases with trisomy 8 (+8), however, often with a resistance to standard therapy [1] [2] [3] .
In this work, we analysed the age-dependent incidence of seven known pro gnostically important genetic markers (t(15;17)/ PML-RARA, t(8;21)/ AML1-ETO, 16inv(16)(p13;q22)/ t(16;16)(p13;q22)/ / CBFB-MYH11, 11q23(MLL), -5/ -5q, -7/ -7q and +8), in a group of 90 patients with AML diseases. Moreover, we evaluated the potential of individual genetic markers to predict a clinical outcome of the AML disease. We discuss these results in the context of previously published literature. 
Patients and methods

Patients
Súhrn
Východiská: V uvedenej práci sme sa zamerali na výskyt a prognostickú hodnotu niekoľkých významných genetických markerov u pa cientov s diagnózou akútnej myeloblastovej leukémie (acute myeloid leukemia -AML). Pa cienti a metódy: Vyšetrených bolo 90 pa cientov s AML: 42 mužov (priemerný vek 54,5 rokov) a 49 žien (priemerný vek 59 rokov). Genetická analýza leukemických vzoriek bola realizovaná pomocou konvenčnej cytogenetiky, interfázovej fl uorescenčnej in situ hybridizácie ako aj štandardizovaného RT-PCR protokolu. Výsledky: V 34,4 % pa cientov sme zistili aspoň jeden z analyzovaných genetických markerov s výnimkou translokácie CBFB-MYH11, ktorú sme nezaznamenali. Translokácia t(8;21)/ AML1-ETO bola zachytená v 4,4 % pa cientov s priemerným vekom 45,4 rokov, pričom žiadny z týchto pa cientov nebol starší ako 55 rokov. Translokácia t(15;17)/ PML-RARA bola potvrdená v 5,5 % pa cientov s priemerným vekom 52,6 rokov a takmer rovnakým podielom mladších a starších pa cientov. Prestavby MLL génu boli potvrdené v 6,6 % pa cientov, aberácie typu -5/ 5q-a/ alebo -7/ 7q-zachytené v 7,7 % pa cientov, pričom najčastejšou genetickou abnormalitou v našej štúdii bola trizómia chromozómu 8 (10 %). Navyše sme zistili priaznivý klinický priebeh u pa cientov exprimujúcich fúzne gény AML1-ETO, alebo PML-RARA na rozdiel od nepriaznivého klinického priebehu u pa cientov s prestavbami MLL génu a deléciami -5q/ -5 a -7q/ -7. U pa cientov s potvrdenou trizómiou chromozómu 8 pozorujeme stredne dobrú prognózu. Záver: Zistili sme súlad medzi našími a publikovanými výsledkami v incidencii a prognostickej hodnote niekoľkých dobre defi novaných genetických aberácii asociovaných s AML. Táto jednoduchá geneticky-orientovaná klasifi kácia nám pomáha rozdeliť pa cientov na tých s dobrou, strednou a zlou prognózou a zabezpečiť im následne najlepšiu momentálne dostupnú liečbu. Avšak, zlý klinický priebeh predovšetkým u pa cientov so zlou prognózou, jasne poukazuje na potrebu hľadania nových genetických faktorov ochorenia AML pre zabezpečenie vývoja lepších terapeutikých ako aj dia gnostických postupov.
Kľúčové slová
akútna myeloblastová leukémia -genetické aberácie -fúzne gény -cytogenetika -výskyt -klinický priebeh resp., -5/ -5q and/ or -7/ -7q in 7.7% and 11.8% patients, resp., while aberration +8 was found in 10.3% of patients younger than 55 years of age and in 9.8% of older patients (Fig. 1B) .
Potential of known genetic aberrations to predict a clinical outcome of AML patients
In order to evaluate a crude potential of individual genetic aberrations, detected above, and to predict a clinical outcome, 31 patients with AML-associated genetic aberrations (Tab. 1) were analyzed, first for their ability to achieve CR of the disease, second for the presence of a PR/ relapse of the disease and fi nally, for the presence of death (see Patients and methods for details).
CR was achieved in all four (100%) patients with translocation t(8;21)/ /AML1-ETO, in four (100%) patients with translocation t(15;17)/ PML-RARA (the fifth patient was not included in the calculations presented in Fig. 2 because he died before he was admitted to hospital), in two (33.3%) patients with aberration 11q23(MLL), in two (28.5%) patients with aberrations -5/ -5q and/ or -7/ -7q and in four (44.4%) patients with aberration +8 (Fig. 2A) .
PR and/ or a relapse was detected in one (25%) patient with t(8;21)/ AML1--ETO, in none (0%) of patients with t(15;17)/ PML-RARA, in two (33.3%)
were not evaluated in this study. From the 31 positive patients, 29 (32.2%) had one and two (2.2%) had two genetic aberrations.
Translocation t(8;21)/ AML1-ETO was found in four (4.4%) patients, translocation t(15;17)/ PML-RARA in fi ve (5.5%) patients, aberrations in the locus 11q23(MLL) in six (6.6%) patients, +8 in nine (10%) patients, while aberrations -5/ -5q or -7/ -7q were detected in seven (7.7%) patients (Tab. 1). From the latter seven patients, two (2.2%) had -5/ -5q, three (3.3%) -7/ -7q, while two (2.2%) remaining patients had both -5/ -5q and -7/ -7q (data not shown). None of analyzed patients had genetic aberrations characterized by the fusion transcript CBFB-MYH11 (Tab. 1).
The mean age of patients with translo cation t(8;21)/ AML1-ETO was 45.5 years, with translocation t(15;17)/ PML-RARA 51.2 years, with aberration 11q23(MLL) 52.5 years, with aberration +8 61.4 years, while the highest mean age of 66.2 years was detected in patients with aberrations of chromosome 5 and/ or 7 (Fig. 1A) .
When we compared the incidence of analyzed genetic aberrations in the group of patients younger and older than 55 years of age, we detected t(8;21)/ AML1-ETO in 10.3% and 0% patients, resp., t(15;17)/ PML-RARA in 5.1% and 5.9% patients, resp., 11q23(MLL) in 7.7% and 5.9% patients, of follow-up was 12.3 months (range 1-42 months).
Genetic studies
The genetics of all leukemia samples was studied centrally in the SEMBID, s.r.o. laboratory. For conventional cytogenetic studies, we used bone marrow (BM) and/ or peripheral blood (PB) samples without stimulation. Conventional and G-banding of chromosomes were evaluated according to the International System for Human Cytogenetic Nomenclature, using the standard light microscope Motic BA300. Molecular cytogenetic analyses by interphase fl uorescence in situ hybridisation (FISH) were used to detect genetic aberrations t(15;17)/ PML-RARA, t(8;21)/ AML1-ETO, inv(16)(p13;q22)/ t(16;16)(p13;q22)/ /CBFB-MYH11, 11q23(MLL), -5/ -5q, -7/ -7q and +8, using the standard fl uorescence microscope Olympus BX41. The following FISH-probes were used: LSI AML1-ETO (Vysis), LSI PML-RARA (Vysis), LSI CBFB, inv(16) (Vysis), MLL (11q23) (Kreatech), SE 8(D8Z2) (Kreatech), 5q-(EGR1 5q31; CSF1R 5q33) (Kreatech), 7q-(7q22/ 7q35) (Kreatech). The procedure for the FISH study is reported elsewhere [6] . The standardized Biomed-1 RT-PCR pro tocol [7] was used to detect the fusion gene
AML1-ETO, PML-RARA and CBFB-MYH11.
Clinical outcome
A BM aspirate containing fewer than 5% blasts and a normal maturation of other marrow elements defined complete remission (CR). Other laboratory results were classifi ed by clinicians as a partial remission (PR) (i.e. the failure of the induction therapy to eliminate the disease). Relapse was defined as more than 5% BM blasts in patients with previously documented CR. From the 90 patients, involved in the study, 24 died due to disease recurrence or progression.
Results
Age-dependent incidence of known genetic aberrations in AML patients
In 31 (34.4%) of 90 patients involved in this study, we detected at least one of the seven investigated genetic aberrations, described above. Other genetic or cytogenetic aberrations Tab. 1. The incidence of known genetic aberrations in patients with AML. The AML-associated genetic aberrations -5/ 5q-and -7/ 7q-was observed in 4.4% and 5.6% of our patients, resp. (Tab. 1), with a mean age of 66.3 years (Fig. 1A) . In contrast to the MLL-positive patients described above, a slightly higher occurrence was found in older patients (11.8%) in comparison to younger (7.7%) (Fig. 1B) . However, the latter incidences were signifi cantly lower younger (5.1%) and older (5.9%) patients (Fig. 1B) . Reported incidences of t(15;17) correlate well with those reported previously (Tab. 1) [8] [9] [10] [11] .
Study
The known genetic aberrations in the locus 11q23, comprising the MLL gene, was found in 6.6% of patients (Tab. 1) with a mean age of 52.5 years (Fig. 1A) . However, a slightly higher occurrence was found in younger (7.7%) in comparison to older (5.9%) patients (Fig. 1B) . Our reported incidence of MLL patients with 11q23(MLL), in three (42.8%) patients with -5/ -5q and/ or -7/ -7q and in six (66.6%) patients with the aberration +8 (Fig. 2B) .
Death was detected in one (25%) patient with translocation t(8;21)/ /AML1-ETO, in no (0%) patients with translocation t(15;17)/ PML-RARA, in all six (100%) patients with aberration in 11q23(MLL), in all seven (100%) patients with the aberrations -5/ -5q and/ or -7/ -7q and in six (66.6%) patients with aberration +8 (Fig. 2C) .
Due to the small number of analyzed patients as well as a short time of follow--up, statistical analysis was not performed.
Discussion
In this work, we used the genetic approach (see Patients and methods) to detect and evaluate the age-dependent incidence as well as a prognostic value of the seven known genetic aberrations (t(15;17)/ PML-RARA, t(8;21)/ AML1-ETO, inv(16)(p13;q22)/ t(16;16)(p13;q22)/ /CBFB-MYH11, 11q23(MLL), -5/ -5q, -7/ -7q and +8) in a group of 90 patients with AML diseases.
In 34.4% of our patients, we detected at least one of the investigated genetic aberrations, described above, except the CBFB-MYH11 which we did not detect (Tab. 1). A majority (51%) of our analyzed patients was between 51-70 years of age, while the remaining patients were between 18-30 (6%), 31-50 (23%) and above 71 (20%) years of age (data not shown). The latter data are in concordance with the published median age of 65 years for AML patients [1] .
Translocation t(8;21)/ AML1-ETO was found in 4.4% of patients (Tab. 1) with a mean age of 45.4 years (Fig. 1A) , while none of these patients was over 55 years of age (Fig. 1B) . The inci dence of t (8;21) found in this study is in a range established by previous studies (Tab. 1) [8] [9] [10] [11] and also support a previously documented tendency of t(8;21) to preferentially appear, without any known reason, in younger patients [12] .
Translocation t(15;17)/ PML-RARA was found in 5.5% of patients (Tab. 1) with a mean age of 52.6 years (Fig. 1A) , and, in contrast to the above presented t(8;21), almost equally distributed between AML -acute myeloid leukemia than those reported in previous studies (Tab. 1) [8] [9] [10] [11] . Trisomy 8 was the most frequent genetic abnormality found in this study with incidence of 10% (Tab. 1), a mean patient age of 61.4 years (Fig. 1A) as well as an almost equal distribution between patients below (10.3%) and above 55 years of age (9.8%; Fig. 1B) . These results correlate well with those of previous studies (Tab. 1) [8] [9] [10] [11] which reported an incidence of the +8 aberration between 8-15%.
As mentioned above, younger AML patients have better prognosis without any or with favorable genetic aberrations (i.e. AML1-ETO, PML-RARA or CBFB-MYH11). In contrast, a signifi cantly worst prognosis is documented in AML patients over 60 years of age, patients with a secondary AML as well as patients harbouring genetic aberrations associated with poor AML prognosis (i.e. MLL, -5q/ -5 or -7q/ -7) [1] [2] [3] . In line with these observations, we detected CR in all our t(8;21)-positive patients during the follow-up ( Fig. 2A) . However, one t(8;21)-positive patient (25%) subsequently relapsed (Fig. 2B) , while another one died without any previous signs of a disease progression even on the molecular level (Fig. 2C) . Thus, some other yet unknown (i.e. genetic) aberrations probably negatively infl uenced clinical outcome of the latter two patients expressing the prognostically otherwise favorable fusion gene AML1-ETO. In this respect, we noted previously published German-Austrian study which did not observe better survival in a group of treated older patients with t(8;21) in comparison to AML patients with a normal karyotype [11] .
The best clinical results with respect to the ability to reach CR (100%) were observed in the t(15;17)-positive patients ( Fig. 2A) . Moreover, no relapse or death were observed in these patients during follow-up (Fig. 2B, C) . These results correlate well with those in previous studies [1] which reported a very good response to the standard ATRA or arsenic-based treatment as well as an achievement of a complete relapse-free remission of the disease in 70-90% of patients with t(15;17). 
